Kinnier Wilson, in his paper entitled "Progressive Lenticular Degeneration: A Familial Nervous Disease Associated With Cirrhosis of the Liver" (1) , established in 1912 as a nosologic entity the condition now referred to as Wilson's disease, or hepatolenticular degeneration. Although many subsequent advances have been made in knowledge of the clinical forms and morphologic features of this disease, there has been a paucity of information concerning metabolic abnormalities which are presumed to be present in some form in a disease with such widespread manifestations. Recently, Uzman, and Denny-Brown (2) described a patient with hepatolenticular degeneration who had increased quantities of amino acids in the urine as shown by one-dimensional paper partition chromatograms and chemical determination of the total amino nitrogen, alanine, and glutamic and aspartic acids in 24-hour urine specimens. The patient had no demonstrated renal disease, and only minimal evidence of liver disease. The authors suggested that the aminoaciduria might represent either a failure of deamination of amino acids by an impaired liver, or an underlying defect in the metabolism of amino acids resulting in increased excretion by a normal kidney. The experiments to be described were undertaken to elucidate the mechanism of the excessive loss of amino acids in Wilson's disease with respect to the site and type of disorder.
MATERIALS AND METHODS
Alpha amino nitrogen was determined by the gasometric ninhydrin methods described by Hamilton and Van Slyke ' The expenses of this investigation were defrayed in part by a grant from Merck and Co., Inc., to Harvard University. for plasma (3) and by Van Slyke, MacFadyen, and Hamilton for urine (4) . All determinations were done in duplicate on separate plasma filtrates, and unless otherwise indicated the values refer to "unbound" alpha amino nitrogen. The ten "essential" amino acids and glutamic acid in urine were determined quantitatively according to the microbiological assay procedures of Stokes and his associates (5) . One-dimensional paper partition chromatograms of amino acids in urine were done by the method of Consden, Gordon, and Martin (6) as adapted by Dent (7) for biological fluids. Venous blood sugar was determined according to Folin and Wu (8) . The presence of sugar in the urine was confirmed and quantitated, after the routine Benedict's test, by the carmelization method of Somogyi (9) . The serum and urine calcium (10) and phosphorus (11) were done by standard procedures. Standard methods also were used for determination of the serum bilirubin (12) , cephalin cholesterol flocculation (13) , and thymol turbidity (14) .
The 24-hour urines were collected with 10 cc. of a 5:1 mixture of glacial acetic acid and toluol, while shorter collections were taken with 2 cc. of this preservative. The preservative was shown to have no effect on the alpha amino nitrogen determinations. Urines were stored at 40 C. for alpha amino nitrogen determinations, and at -20°C. for microbiological assay of individual amino acids. Protein-free plasma filtrates for alpha amino nitrogen determinations were prepared with 5 per cent tungstic acid and one-third normal sulfuric acid and were stored at -200 C. No deterioration was found after storage for two months.
The normal values for blood and urine alpha amino nitrogen and for individual amino acids in the urine were obtained from studies on house officers and technicians who were in good health.
CASE SUMMARIES
Studies were carried out on six patients with hepatolenticular degeneration. Four of these patients were referred to us by Dr. D. Denny-Brown of the Neurological Unit of the Boston City Hospital; one by Dr Routine laboratory studies were unremarkable except that several pre-breakfast urine specimens in each of these patients contained substances reducing Benedict's reagent.
M. R. This patient, also previously reported (15) , was a 23-year-old female. A diagnosis of Wilson's disease had been made three years previously. Her disease progressed rapidly and she died of the ensuing complications of bulbar paralysis during the period of this study. When she entered the hospital she was severely malnourished and dehydrated, with pneumonitis at both lung bases and a temperature of 1010 F. Despite the severity of her disease she still had no clinical evidence of hepatic involvement.
Except for an elevated white blood count and moderate numbers of white blood cells in the urine, her routine laboratory studies were normal.
All four of the above patients had classical neurological signs and Kayser-Fleischer rings, confirmed by slit-lamp examination. A. G. and J. G. were brothers, while M. R. had two brothers who had previously died of hepatolenticular degeneration.
The last two cases are presented in more detail since they have not previously been reported. R. K. was a 21-year-old white man whose first symptoms may have been present at the age of 15, when his parents noted that his movements, speech, and changes of facial expression were performed with unusual slowness. There was no history of hepatic disease. When he was 18 he was given a medical discharge from the Navy, with a tentative diagnosis of early schizophrenia. About four months after his discharge, the patient first became aware of the presence of tremors, first in the right arm, but soon involving all four limbs. Six months later they were of such severity that he was unable to feed or dress himself. In addition he began to drool saliva and experienced some difficulty in swallowing. At the age of 20 he was studied at another hospital where the diagnosis of Wilson's disease was made and a liver biopsy was done.
Two siblings of the patient, aged 18 and 24, were examined and showed no evidence of Wilson's disease. The family background also was negative.
Upon admission to the hospital for the present study the patient had the typical open-mouthed grin and drooling of severe hepatolenticular degeneration. Coarse tremors were severe and present almost constantly, and upon attempting finely coordinated movements his whole body broke forth in a wild confusion of shaking. He walked with an unsteady, wide-based, rolling gait, keeping his arms closely pressed against his sides to control their motion. He was quite euphoric and had no insight into the severity of his illness.
Examination further revealed normal deep and superficial reflexes, abnormally slow palatal reflex, slight nystagmus of upward gaze, and a plastic rigidity of the limbs upon passive movement. Kayser-Fleischer rings were present. The liver was not palpable and seemed abnormally small to percussion. The tip of the spleen was felt.
Routine laboratory studies of blood and urine were normal.
J. A. The last patient in the series was a 13-year-old boy whose first deviation from apparent good health was noted three years previously. At that time he sought medical aid because of a febrile illness, and his physician noted that the liver was palpable 3 cm. and the spleen enlarged 5 cm. below the costal margins. No unusual neurological findings were observed. However, approximately one year later there was an insidious onset of dysphagia, difficult deglutition, and a fine tremor of the hands and arms, together with emotional instability. Definite KayserFleischer rings were present at that time and the diagnosis of Wilson The significance of these findings is difficult to estimate. There is no evidence of diffuse hepatic fibrosis or portal cirrhosis in any of the biopsies. The focus of fibrosis in the first biopsy may indicate a scarring of the post-necrotic or healed acute yellow atrophy type of cirrhosis, but more likely is just a subcapsular area of increased fibrous tissue.
The presence of binucleate cells and giant cells is thought by many to be evidence of reaction of the liver to noxious stimuli. However, no mitoses were seen nor were there foci of necrosis, so that the significance of these changes is questionable.
The vacuoles seen in the parenchymal cells most likely represent fat droplets, but only in the biopsy from A. G. were they present in definitely abnormal numbers. Their pattern was suggestive of ordinary fatty metamorphosis.
The pigment seen in the formalin-fixed sections is probably a lipofuscin of the type called Abnutzung or "waste" pigment, usually increased in cells of the heart and liver in so-called brown atrophy. An increase of a similar pigment is seen in the biopsies of livers of patients hospitalized as a result of an alcoholic spree (19) . The interpre- This excessive excretion of amino acids, about two and one-half times the normal, was independent of variations in urine volume ( Figure 2 ). Wide variations in the total urinary nitrogen excretion, induced by protein intakes ranging from approximately 30 grams to 180 grams daily, also had no significant effect on the alpha amino nitrogen excretion (Figure 3 ). This finding is at variance with the experience of Dent (20) with two patients with the Fanconi syndrome, in whom the ratio of total nitrogen of the urine to amino nitrogen was believed to provide a more significant index of the degree of aminoaciduria than did the amino nitrogen excretion alone.
The total alpha amino nitrogen after acid hydrolysis of the urine was determined in seven 24-hour collections and averaged three times (range two to ten times) the free alpha amino nitrogen. This proportion is comparable to that found in normal urine (21) (27, 28) and are not considered pertinent to the present study.
To determine whether the aminoaciduria was a distinctive feature of Wilson's disease or was in some manner a reflection of hepatic dysfunction, 5 The total of the amino acids excreted was calculated from the alpha amino nitrogen excretion, assuming alpha amino nitrogen to be 80 per cent. of total nitrogen, and total nitrogen to be 16 per cent of amino acids. a group of six patients with Lainnec's cirrhosis in a "stabilized" state were studied. Five of the six had been severe chronic alcoholics, while the etiology of the cirrhosis in one patient was undetermined. All had had evidence of severe hepatic failure within six months previous to the study. Two of the patients were still reaccumulating ascites at the time of the study, while the others still presented evidence of considerable hepatic derangement clinically and by liver function studies.
Eight 24-hour urine specimens from the six patients with cirrhosis of the liver contained an average of 158 mgm. of alpha amino nitrogen, and no excretion value exceeded 260 mgm. daily. In contrast, 33 out of 36 specimens from patients with Wilson's disease were above this upper limit. Furthermore, the average daily excretion of the 10 "essential" amino acids in the urine of seven additional patients with severe liver disease (five cirrhosis, one hemochromatosis, and one subacute yellow atrophy) did not differ markedly from normal subjects, although there was considerable variation among patients in the quantity of individual amino acids excreted (29 25 .3, 231, and 84.0 mgm., respectively. The 10 "essential" amino acids in these specimens were determined and it was found that their combined weight totaled 69.9 mgm. in the first, 161 mgm. in the second, and 118 mgm. in the third specimen. The small increase in the quantity of essential amino acids excreted after the ingestion of glycine could account for only a fraction of the alpha amino nitrogen excreted. Therefore, although glycine was not measured, it is reasonable to assume that the rise in alpha amino nitrogen excretion was largely due to the excretion of glycine.
The ingestion of glutamic acid by animals and man has been shown to induce only a slight rise or even a fall in plasma amino nitrogen, a rise in plasma glutamic acid, and a fall in plasma glutamine and other amino acid fractions (31) (32) (33) 
O hr. acid hydrolysate of casein supplemented with tryptophane) were infused intravenously in fasting subjects. Urines were collected during a twohour period before infusion, and from the start of infusion to four hours after infusion. Bloods were drawn before infusion and five minutes, one hour, and four hours after infusion. Alpha amino nitrogen determinations were done on all specimens. The results are shown in Table IV . The patients' average values are the result of six tests in four persons and the control values are the average of six tests in six normal subjects and have been previously reported (22) . The infusion rate, expressed as mgm. of nitrogen per kilogram of body weight per minute, averaged 4.2 in the normals, and 4.1 in the patients. There was little variation in the infusion rates among the patients, while the infusion rates among the normals varied from 1.9 to 6.6. There was, however, little correlation in this small series between infusion rate and amino acid loss during the post-infusion period.
The plasma concentration of alpha amino nitrogen at each period averaged slightly higher in the patients than in the normals. However, the rate of rise and fall of the plasma amino acid concentration is nearly identical for both groups, and at the end of four hours the plasma amino acid level was 111 per cent of the fasting level in the normals, and 104 per cent of the fasting level in the patients.
The hourly fasting urinary excretion rate aver-273 aged 4.8 mgm. of alpha amino nitrogen per hour in the normals and 16.4 mgm. in the patients. Thus the patients' values averaged approximately three times the normal and were similar to the larger series cited above. The values in the patients, although variable, were consistently elevated. The urinary loss of amino acids due to the infusion averaged 513 mgm. of alpha amino nitrogen in the normals and 597 mgm. in the patients. These values represent average infusion losses of 9.5 and 9.9 per cent of the alpha amino nitrogen administered to normals and to patients, respectively (Table IV) . Two of the values in the patients were below while one was above any of the normals. This observation, together with the small difference in the average values, excludes any significant difference between the two groups. This is in marked contrast to the differences noted in the fasting excretion and 24-hour excretion. It would appear, then, that patients with Wilson's disease do not have a lowered renal threshold for amino acids administered intravenously in large amounts. Miscellaneous Studies. The possibility that the aminoaciduria might be similar in nature to that occurring in the Fanconi syndrome (20, 34) was considered, particularly since liver lesions have been reported in association with this disease. Determinations of the serum carbon dioxide combining power, inorganic phosphorus, calcium, and alkaline phosphatase in three patients were all normal. Bone X-rays in two patients revealed no evidence of osteomalacia. Five patients excreted an acid urine and showed no evidence clinically of acidosis. Sulkowitch tests of their urines were negative. However, the final patient referred for study (J. A.) previously had exhibited evidence of deranged calcium and phosphorus metabolism. Thus, the serum values averaged for calcium 8.3 mgm. per cent (range 7.6 to 9.2 for eight determinations), for phosphorus 2.8 mgm. per cent (range 1.5 to 4.1 for 11 determinations), and for alkaline phosphatase 14.7 Bodansky units (range 9.1 to 23.2 for eight determinations). X-ray films of the knees and wrists taken three years ago did not reveal any evidence of rachitic changes, although subsequent films taken one and one-half years later demonstrated a moderate degree of decalcification of all of the long bones.7 Upon the present admission, the serum calcium was 11. Oral glucose tolerance tests were done in five patients, administering 100 grams of glucose and determining venous blood and urine glucose at half-hour intervals for two and one-half hours after glucose ingestion. None of the patients had abnormal blood glucose curves. Three of the five spilled glucose in the urine when the venous blood sugar was below 115 mgm. per cent, in the fasting state, and two still spilled glucose at blood levels under 95 mgm. per cent. Two patients, R. K. and J. A., had no glucose in the urine when the venous blood glucose was 145 and 170 mgm. per cent, respectively. Although the venous blood sugar is not an accurate index of the arterial blood sugar (35) , the fact that three patients had sugar in the urine in the fasting state with normal venous blood sugars indicates, for these patients, a decreased renal threshold to glucose. In one of the two patients who showed no sugar in the urine it cannot be stated whether or not the renal threshold may have been lowered, since the venous blood sugar was not raised above 145 mgm. per cent. Although it was noted by Dent in his study of the Fanconi syndrome that the aminoaciduria was proportional to the glycosuria (20) , no such correlation existed in the patients with Wilson's disease. DISCUSSION The data demonstrate that six patients with hepatolenticular degeneration all had an increased daily excretion of amino acids, averaging two and one-half times the normal. This confirms the work of Uzman and Denny-Brown (2). There was a large day-to-day variability in the degree of aminoaciduria which could not be explained by changes in the protein content of the diet as reflected by the total urine nitrogen, nor by changes in urine volume or plasma amino acid concentration. In addition, the patients with Wilson's disease had on the average a slightly higher fasting plasma alpha amino nitrogen concentration than did the normals. However, these two findings, an increased urine and plasma alpha amino nitrogen, were statistically unrelated, the former being a constant finding and the latter an inconstant one. Experimental attempts to demonstrate a correlation between the aminoaciduria and the plasma amino nitrogen concentration were unsuccessful. There would appear to be no similarity between the aminoaciduria occurring here and that found in acute yellow atrophy of the liver in which the plasma amino acid concentration may be greatly elevated (27, 28) .
All of the patients with Wilson's disease had some indication of liver disease, although in only one (J. A.) could the derangement of function be considered severe. There was no correlation, in these patients, between the extent of the aminoaciduria and the severity of the liver disease. In contrast to this group, patients with moderate or severe cirrhosis of the liver did not have the increased excretion of amino acids seen in Wilson's disease. To attribute the aminoaciduria to the hepatic involvement occurring in Wilson's disease, it is necessary to assume that the variety of liver abnormality is distinctly different from that of ordinary cirrhosis. Even then it is difficult to conceive of an hepatic defect causing excessive amino acid excretion except via an elevation of the plasma amino nitrogen concentration, which was not the modus operandi in these cases.
Further data are presented showing that the aminoaciduria does not represent a defect in the metabolism of amino acids by liver or muscle. If there were a failure of cellular absorption or deamination, one would expect that after a rapid infusion of amino acids the plasma amino acid concentration would rise much higher and return to fasting levels more slowly than in the normal. This was not the case.
The results after oral feeding of glycine and glutamic acid indicate that, at least for these two amino acids, there is no discernible defect in intermediary amino acid metabolism. Although the two amino acids may be metabolized differently, the two patients with Wilson's disease studied seemed capable of absorbing them from the gastrointestinal tract, and disposing of them from the blood stream in a normal fashion.
The demonstration by microbiological assay that all 10 amino acids determined were excreted in increased amounts with a pattern similar, although not identical, to the'normal "pattern," excludes any specific metabolic defects such as occur in cystinuria, for example. Other than massive destruction of hepatic or muscle tissue, for which there was no evidence, the aminoaciduria would seem inexplicable on the basis of a disturbance of intermediary metabolism of amino acids. Thus, with the exception of the unexplained inconstant elevation of plasma amino nitrogen, one is led by simple exclusion to incriminate the kidney as the site of the abnormality. Renal glycosuria in three of the patients further confirms the existence of an anomaly of renal function.
The occurrence of excessive amino acid loss in the fasting state, unrelated to the plasma amino acid concentration, would indicate a lowered renal threshold for amino acids. If "lowered threshold" is interpreted to mean a reduction of the level of tubular reabsorption beyond which no further material is reabsorbed, then several aspects of the data remain unexplained. Since the amino nitrogen excretion is elevated even in the fasting state it would be expected, if this were due to a lowered threshold, that a considerable proportion of the daily amino nitrogen loss would have been incurred during the post-prandial elevations of plasma amino acid concentration. This was not the case, since approximately 100 per cent of the daily amino acid loss was accounted for by the rate of amino acid loss in the fasting state. The "tolerance" tests further demonstrated that although the patients excreted approximately three times as much alpha amino nitrogen in the fasting state as did the normals, the rise in the excretion after an infusion of amino acids was approximately the same for both groups. Any constant functional or anatomical renal defect in the patients should have resulted in a similar threefold rise in excretion after infusion. A simple explanation would be available if the maximal rate of tubular reabsorption of amino acids (Tm) were reached during infusion, but it is most unlikely that the Tm for any of the amino acids was reached by rapid infusion of an amino acid mixture (36) . Further elucidation of this problem probably must await clearance data on patients with Wilson's disease.
The finding of renal glycosuria in three patients and of deranged calcium and phosphorus metabolism in one patient forces a comparison with the Fanconi syndrome in which aminoaciduria is associated with glycosuria, phosphaturia, and a tendency to acidosis and osteomalacia, and in which cirrhosis or necrosis of the liver is a frequent finding (20, 34 (33) , particularly since the patient did not exhibit renal glycosuria.
prevented an adequate food intake. Since no one essential amino acid was lost in very excessive amount, there is no evidence of a deficiency of a single amino acid necessary for brain or liver nutrition, although an excessive loss of some other essential nutrient is not excluded.
The case material included patients from each of the sub-classifications of Wilson's disease-the progressive lenticular degeneration of Wilson and the pseudo-sclerosis of Westphal-and both types had aminoaciduria of similar nature and degree. Thus there is further rationale, if any were needed, for the classification of these diseases under the same heading.
Two siblings of patient R. K., one a girl 18 years old, and the other a 24-year-old male, were examined with the aim of detecting a familial tendency to aminoaciduria in the absence of other signs of Wilson's disease. Neither subject had any clinical evidence of the disease and liver function tests were normal. Twenty-four hour urine samples from the two siblings contained normal amounts of alpha amino nitrogen, 170 mgm. daily in the female and 158 mgm. daily in the male. 
